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[57] ABSTRACT 

A semiconductor device is provided with a stack of a 
plurality of semiconductor elements each having a bump 
deposited on each of surface electrodes, and a plurality of 
leads disposed closely adjacent to the stacked semiconductor 
elements, the leads being bonded to the bumps respectively 
thereby structurally integrally assembling the plural semi 
conductor elements. 

30 Claims, 4 Drawing Sheets 
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STACKED HIGH MOUNTING DENSITY 
SEMICONDUCTOR DEVICES 

This application is a continuation application of appli 
cation Ser. No. 08/117,933, ?led on Sep. 7, 1993, aban 
doned. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to packaging 
technology for mounting a stack of a plurality of semicon 
ductor elements to form a semiconductor device, and more 
particularly to such a semiconductor device comprising 
semiconductor elements that can be mounted with high 
mounting efficiency. 

With the recent requirements for reducing the size and 
weight of and improving the operating performance of 
electronic and electrical apparatuses, an improvement in the 
mounting density is now increasingly strongly demanded for 
semiconductor parts. In an eifort to comply with such needs, 
researches and studies for reducing the size, weight and 
thickness of a package have been positively promoted up to 
now. Especially, a variety of improvements have hitherto 
been made on the structure of the semiconductor package 
too, so that large chips can be accommodated in a package 
that is as small as possible. A package structure for semi 
conductor parts is commonly widely known. In this known 
package structure, a semiconductor element is ?xed by the 
use of an electrically conductive adhesive to a die-pad part 
of a lead frame, and, after wire bonding inner leads of the 
lead frame to the electrodes on the surface of the semicon 
ductor element, the peripheral part of the semiconductor 
element is sealed by the use of an encapsulant. 

The needs for packaging semiconductor parts with a high 
mounting density becomes recently increasingly stronger, 
and a package of the LOC (lead on chip) type is known as 
a new package structure. In this known package, a semi 
conductor element is directly ?xed to inner leads of a lead 
frame having no die-pad part, and, after wire bonding the 
inner leads of the lead frame to the electrodes on the surface 
of the semiconductor element, the peripheral part of the 
semiconductor element is sealed by the use of an encapsu 
lant. (Such a package is described in a magazine entitled 
“Nikkei Microdevice”, February issue, 1991, pages 89-97.) 

Also, a method called TAB (tape automated bonding) or 
a method called TSOP (thin small outline package) in which 
a plurality of thin packages are mounted in a stacked relation 
is known. (Such a method is described in “Nikkei Microde 
vice”, April issue, 1992, page 51.) In addition, a method of 
sealing a plurality of chips in a single package by an 
encapsulant is also known. (Such a method is described in 
“Nikkei Microdevice”, April issue, 1991, page 80.) 

Especially, a method of connecting a plurality of semi 
conductor elements by the use of ?lmy leads and pins (as 
disclosed in JP-A-61-32560) and a method of connecting a 
plurality of semiconductor elements by the use of a wiring 
board disposed along one of the side surfaces of the elements 
(as disclosed in JP-A-62-293749) are known as a technique 
for stacking a plurality of semiconductor elements. 
By various modes of contrivance applied to the package 

structure as described above, the e?iciency of mounting a 
plurality of semiconductor elements in‘a package can be 
greatly improved as compared to the case of the use of the 
prior art package. However, in spite of such an improvement 
in the mounting e?iciency for the package itself, the mount 
ing e?iciency for the semiconductor device as a whole has 
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2 
not necessarily been still satisfactory. This is because, for 
example, a frame is inevitably required for ?xing stacked 
packages or for establishing electrical connections with 
other elements. Also, because all of outer leads extending 
from the individual packages are joined as required to be 
combined or reshaped into a single outer lead to be con 
nected to a printed wiring board by soldering, the area 
required for mounting the chips becomes considerably larger 
than the projected area of the chips. 

Further, because the packaged semiconductor elements 
are connected on the wiring board, the number of connection 
points requiring soldering, wire bonding, etc. is inevitably 
increased, resulting in an undesirably long wiring distance 
between the electrodes of one of the semiconductor elements 
and those of another semiconductor element. This require 
ment has also given rise to an undesirable increase in the 
wiring resistance. Further, the method of stacking a plurality 
of chips and accommodating the stacked chips in a single 
package has not been satisfactory in that the package size 
becomes larger than the chip size, and the number of chips 
that can be stacked is also limited. With such a structure too, 
it is apparent that the increase in the distance required for 
wiring leads inevitably to degradation of the structural 
reliability and also lowering of the overall electrical 
response speed of the circuit. 
When the aforementioned method of stacking a plurality 

of semiconductor elements in a package is employed, the 
problem regarding the size of the package may be solved. In 
this method, for example, ?lmy leads led out from the 
peripheral part of each of the semiconductor elements are 
used for establishing electrical connections between the 
semiconductor elements by pins connected to the individual 
?lmy leads. Because the pins which are not integral with the 
?lmy leads extend in the direction of stacking the semicon 
ductor elements, the electrical connections between the 
semiconductor elements can be conveniently achieved, and 
the electrical distance of the connecting wiring can be 
shortened. However, this structural arrangement requires 
many connection points connecting the electrodes of one of 
the semiconductor elements to those of another semicon 
ductor element by the ?lmy leads, and, from this require 
ment too, the resultant structure has also the problem in 
regard to the electrical reliability. 

In the case of the aforementioned method in which a 
wiring board is disposed along one of the side surfaces of 
semiconductor elements for electrically connecting these 
semiconductor elements (as disclosed in JP-A-62-293749), 
the semiconductor elements are inevitably adversely 
affected by the heat generated during operation of the 
semiconductor elements thereby causing expansion and con 
traction of the semiconductor elements. This is because the 
semiconductor elements are ?rmly ?xed together by the 
wiring board and have no operational ?exibility. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
semiconductor device comprising a stack of semiconductor 
elements that can be mounted with high mounting e?iciency. 

Another object of the present invention is to provide a 
semiconductor device in which the problem of the stress due 
to generation of heat can be substantially solved. 

Still another object of the present invention is to provide 
a semiconductor device which has high operational reliabil 
ity and can be easily assembled. 

In summary, the present invention provides a high mount 
ing density semiconductor device in which a plurality of 
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semiconductor elements each having a bump deposited on 
each of electrodes formed on the surface are stacked, and a 
plurality of leads disposed closely adjacent to the semicon~ 
ductor elements to extend in a direction perpendicular with 
respect to the semiconductor elements are bonded to the 
bumps respectively thereby integrally assembling the plural 
semiconductor elements. 
Some of preferred embodiments of the high mounting 

density semiconductor device according to the present 
invention have features which will now be described. 
FIRST EMBODIMENT 

This ?rst embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
semiconductor elements each having a bump deposited on 
each of electrodes formed on the marginal edges of the 
surface, and a plurality of corresponding leads disposed 
closely adjacent to the stacked semiconductor elements, the 
leads being bonded to the bumps respectively thereby elec 
trically integrally assembling the plural semiconductor ele 
ments. 
SECOND EMBODIMENT 

This second embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
semiconductor elements each having a plurality of elec 
trodes formed near the marginal edges of the surface and a 
plurality of bumps electrically connected to the electrodes 
respectively, and a plurality of leads disposed closely adja 
cent to the stacked semiconductor elements, the leads being 
bonded to the bumps respectively thereby electrically inte 
grally assembling the plural semiconductor elements. 
THIRD EMBODIMENT 

This third embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
semiconductor elements each having many electrodes 
formed near the marginal edges of the surface and a plurality 
of bumps corresponding to the surface electrodes respec 
tively, and a plurality of leads disposed closely adjacent to 
the stacked semiconductor elements, the leads being elec 
trically and mechanically bonded to the bumps respectively 
thereby integrally assembling the plural semiconductor ele 
ments. 
FOURTH EMBODIMENT 

This fourth embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
semiconductor elements each having a plurality of elec 
trodes formed near the marginal edges of the surface and a 
plurality of bumps electrically connected to the surface 
electrodes respectively, a plurality of leads disposed closely 
adjacent to the stacked semiconductor elements, the leads 
being bonded to the bumps respectively thereby electrically 
integrally assembling the plural semiconductor elements, 
and an encapsulant sealing to shield the integrally assembled 
semiconductor elements from the outside. 
FIFI‘H EMBODIMENT 

This ?fth embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
semiconductor elements each having many electrodes 
formed near the marginal edges of the surface and a plurality 
of bumps corresponding to the surface electrodes respec 
tively, a plurality of leads disposed closely adjacent to the 
stacked semiconductor elements, the leads being electrically 
and mechanically bonded to the bumps respectively thereby 
integrally assembling the plural semiconductor elements, 
and an encapsulant molding the integrally assembled group 
of the semiconductor elements. 
SIXTH EMBODIMENT 

This sixth embodiment of the high mounting density 
semiconductor device comprises a stack of a plurality of 
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4 
semiconductor elements each having a bump deposited on 
each of surface electrodes, and a plurality of leads disposed 
closely adjacent to the stacked semiconductor elements to 
extend in a direction perpendicular with respect to the 
senriconductor elements, the leads being bonded to the 
bumps respectively thereby integrally assembling the plural 
semiconductor elements. 
The lead preferably used in the present invention is, for 

example, that of the I type or gull wing type. 
In the semiconductor device of the present invention, the 

semiconductor elements are connected by the leads disposed 
closely adjacent to and extending in a direction perpendicu 
lar with respect to them, so that the area required for 
mounting the completed semiconductor device does not 
substantially differ from the chip size, and a very high 
mounting efficiency can be achieved. The present invention 
which enables the desired high density mounting of the 
semiconductor elements is thus quite useful for reducing the 
size and weight of and improving the operating performance 
of electronic and electrical apparatuses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of an embodiment 
of the high mounting density semiconductor device of the 
present invention which includes a stack of two semicon 
ductor elements 1. 

FIG. 2 is a schematic perspective view of another embodi 
ment of the high mounting density semiconductor device of 
the present invention which includes a stack of four semi 
conductor elements 1. 

FIG. 3 is a schematic perspective view of still another 
embodiment of the high mounting density semiconductor 
device of the present invention which includes a stack of 
twelve semiconductor elements 1. 

FIGS. 4A to 4F are schematic sectional views showing 
various combinations of leads 3 and bumps 2 used for 
connecting the leads 3 to surface electrodes 2' of the 
semiconductor elements 1 respectively. 

FIG. 5 is a schematic sectional front elevational view of 
the high mounting density semiconductor device of the 
present invention formed by mounting a stack of semicon 
ductor elements 1 on a printed wiring board 6. 

FIG. 6 is a schematic top plan view of the semiconductor 
elements shown in FIG. 5. 

FIG. 7 is a schematic sectional view taken along the line 
A-A' in FIG. 6. 

FIG. 8 is a schematic sectional view showing a bump 2 
deposited by plating gold on the electrode 2' shown in FIG. 
7. 

FIG. 9 is a schematic sectional view showing the case 
where a gold wire used for wire bonding is used to deposit 
the bump 2 on the electrode 2' by fusion of a ball of gold. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the high mounting density 
semiconductor device according to the present invention 
will now be described in detail. FIG. 1 shows the structure 
of an embodiment of the semiconductor device which 
includes a stack of two semiconductor elements 1. The 
semiconductor device shown in FIG. 1 can be made by 
bonding bumps 2 deposited on electrodes formed on the 
marginal edges of the semiconductor elements 1 to various 
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kinds of leads 3 shown in FIG. 4A to FIG. 4F. (In FIG. 1, the 
leads 3 shown in FIG. 4B are used.) 
The semiconductor elements 1 shown in FIG. 1 are, for 

example, silicon chips each having a circuit formed on its 
surface and include, for example, those used for memories, 
logic circuits and microcomputers. The present invention 
can be applied to semiconductor elements having a wide 
range of dimensions. In a prior art semiconductor device, the 
length of wiring between semiconductor elements tends to 
become long when a plurality of such semiconductor ele~ 
ments are mounted one by one on a printed wiring board, 
and this long wiring distance leads frequently to the problem 
of an undesirable delay of the signal propagation speed and 
generation of noise. In contrast, the manner of mounting 
semiconductor elements in the case of the present invention 
is advantageous in that the required wiring distancebetween 
the semiconductor elements can be shortened as compared 
to the prior art and is thus effective for accelerating the 
signal propagation speed and reducing the noise. 

Although the present invention is applicable to various 
kinds of semiconductor elements, application of the present 
invention to a DRAM (a dynamic random access memory) 
will be described by way of example. The chip sizes of a 
16MDRAM (a prototype) and a 64MDRAM (a prototype) 
are 8.l5><15.58><0.4 t m and 11.43Xl9.93><0.4 t mm respec 
tively. In the case of a 256MRDAM, its chip size is 
presumed to become larger. The larger the chip size, the 
package size will naturally become larger, and the area 
required for mounting one element will also become corre 
spondingly larger. The present invention is useful for high 
density mounting of such semiconductor elements tending 
to become larger and larger in size. Also, such an increase 
in the chip size leads generally to a lowered yield rate of 
production. However, when the chip is divided into a 
plurality of elements, and these elements are assembled 
according to the method of the present invention, both the 
desired improvement in the yield rate of production and the 
desired improvement in the mounting density can be simul 
taneously attained. 

Another embodiment of the semiconductor device shown 
in FIG. 2 includes a stack of four semiconductor elements 1, 
and still another embodiment of the semiconductor device 
shown in FIG. 3 includes a stack of twelve semiconductor 
elements 1. Each of these semiconductor devices can be 
made in a manner similar to that described by reference to 
FIG. 1. The bump 2 deposited on each surface electrode of 
each semiconductor element 1 is preferably formed of gold, 
and it is also preferable that the bump of gold is deposited 
to entirely cover the associated electrode on the surface of 
the semiconductor element 1. For example, such a bump of 
gold may be deposited on the electrode surface by fusion of 
a ball of gold formed during wire bonding by the use of a 
gold wire or by plating a bump of gold or by transfer printing 
a bump of gold formed on a substrate of glass. 

FIG. 4A shows that the bump 2 deposited on the associ~ 
ated electrode partly protrudes in the form of an overhang 
from the side surface of each semiconductor element 1. In 
such a case, a lead 3 having a Hike shape as shown in FIG. 
4A is preferably bonded to the bumps 2 at the side surfaces 
of the semiconductor elements 1. FIG. 4B shows that the 
bump 2 is deposited on the upper surface of each semicon 
ductor element 1. In such a case, a lead 3 having also a J -like 
shape as shown in FIG. 4B is preferably bonded to the 
bumps 2 at the upper surfaces of the semiconductor elements 
1. In the present invention, the shape of the tip part of such 
a lead 3 is not especially limited. For example, as shown in 
FIGS. 4B, 4D and 4F, the tip part of the lead 3 has 
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6 
projections to be bonded to the bumps 2. Besides the leads 
3 of the I type shown in FIGS. 4A and 4B, leads 3 of the gull 
wing type as shown in FIGS. 4C and 4D or leads 3 of the 
straight type as shown in FIGS. 4E and 4F may also be used 
when so required. 

The term “bump” is used in the present invention to 
indicate a built-up bead-like form of an electrically conduc 
tive material deposited on an electrode of, for example, a 
semiconductor chip. Although the semiconductor chip is 
formed with a plurality of electrodes on its surface, it is 
di?icult to simply electrically connect those electrodes to 
corresponding leads respectively. Therefore, the electrically 
conductive material is deposited in a built-up bead-like form 
on the associated electrode so as to facilitate the electrical 
connection between the electrode and the lead. A metal, for 
example, aluminum (Al) or gold (Au) is commonly used as 
the material of both the electrode and the conductor. 

An example of the dimensions of the bump 2 and the lead 
3 will now be described. The size of each electrode on the 
surface of the element 1 is, for example, about 60 to 100 um 
square, and the size of the bump 2 deposited on the surface 
of the electrode is equal to or slightly smaller than that of the 
electrode. The lead 3 is electrically connected to this bump 
2, and its size is about 60 to 100 pm wide and 20 to 200 inn 
thick. The minimum values of the dimensions of the elec 
trode and the lead are referred to as 60 um and 20 pm by way 
of example only, and the present invention is equally effec 
tively applicable to the case where these minimum values 
become further smaller as a result of a further future 
improvement in the integration density of the semiconductor 
elements 1. 

FIG. 5 schematically shows a practical form of the high 
mounting density semiconductor device of the present 
invention formed by mounting the stack of the semiconduc 
tor elements 1 on a printed wiring board 6 having built-in 
wiring 7. FIG. 6 is a schematic top plan view of the stack of 
the semiconductor elements 1 shown in FIG. 5 to show the 
electrodes 2' formed on their upper surfaces, and FIG. 7 is 
a schematic sectional view taken along the line A—A‘ in FIG. 
6. In FIG. 7, the reference numeral 4 designates a chip 
coating layer. FIG. 8 is a schematic sectional view to show 
that the bump 2 is deposited by plating gold on each 
electrode 2'. FIG. 9 is also a schematic sectional view to 
show that the bump 2 is deposited on the electrode 2' by 
fusion of a ball of gold by the use of a gold wire used for 
wire bonding. 
The lead 3 of the straight type may be ?rst mounted and 

may then be shaped into the form of the J type or the gull 
wing type. Although each lead 3 may be bonded to the 
associated bump 2 of gold by various heating methods, a 
method of localized heating and fusion by a laser beam is 
most preferable so that unnecessary heat may not be applied 
to areas other than the bonding area. 

As described above, the chip coating layer 4 in the form 
of a polyimide layer, an epoxy resin layer, a silicone resin 
layer or the like is formed on the surface of each of the 
semiconductor elements 1 used in the present invention, so 
that su?icient operational reliability can be ensured even 
when all the semiconductor elements 1 may not be espe 
cially sealed by the use of an encapsulant after being 
assembled. However, when higher reliability is demanded, it 
is preferable that the assembly is to be entirely encapsulated 
by the use of a resin composition, such as, an epoxy resin or 
that the lower and upper surfaces of the chips, the gaps 
between the chips or the side surfaces of the chips are to be 
coated or impregnated with a low-elasticity rubber-like resin 
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of the non-solvent type. See FIG. 5, showing cncapsulant 10. 
FIGS. 5 and 7 to 9 schematically illustrate the case where a 
polyimide coating layer 4 is used as an ot-ray shielding layer 
for the purposes of protection of the surface of each semi 
conductor element 1 and prevention of occurrence of soft 
errors. 

We claim: 
1. A high mounting density semiconductor device com 

prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having bumps respectively 
deposited on electrodes formed on marginal edges of a ?rst 
surface of each of the plurality of semiconductor elements, 
the device further including a plurality of corresponding 
leads disposed closely adjacent to said stack of a plurality of 
semiconductor elements and extending only in said ?rst 
direction alongside said stack, with projections extending 
from the leads for bonding to the bumps, a respective lead 
being electrically connected to bumps on at least two of the 
semiconductor elements, said leads being bonded to said 
bumps respectively so that each of the leads is electrically 
bonded directly to corresponding bumps of said plurality of 
semiconductor elements, thereby electrically integrally 
assembling said plurality of semiconductor elements, 
wherein said bumps on at least two of the semiconductor 
elements, to which the respective lead is electrically con 
nected, are on respective faces of the at least two of the 
semiconductor elements, said respective faces each facing in 
a same direction, whereby ?rst surfaces of the at least two 
of the semiconductor elements face in the same direction, 
and wherein said stack is mounted on said mounting board 
via said leads. 

2. A high mounting density semiconductor device accord 
ing to claim 1, wherein said leads are of a J type. 

3. A high mounting density semiconductor device accord 
ing to claim 1, wherein said leads are of a gull wing type. 

4. A high mounting density semiconductor device accord 
ing to claim 1, wherein the bumps overhang side surfaces of 
the semiconductor elements on which they are provided. 

5. A high mounting density semiconductor device accord— 
ing to claim 1, wherein said respective lead is electrically 
connected to bumps on at least three of the semiconductor 
elements. 

6. A high mounting density semiconductor device accord 
ing to claim 1, wherein the projections are integrally formed 
with the leads. 

7. A high mounting density semiconductor device com 
prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having a plurality of electrodes 
formed near marginal edges of a ?rst surface of each of the 
plurality of semiconductor elements and a plurality of 
bumps electrically connected to said electrodes respectively, 
and a plurality of leads disposed closely adjacent to said 
stack of a plurality of semiconductor elements and extending 
only in said ?rst direction alongside said stack, with pro 
jections extending from the leads for bonding to the bumps, 
a respective lead being electrically connected to bumps on at 
least two of the semiconductor elements, said leads being 
bonded to said bumps respectively so that each of the leads 
is electrically bonded directly to corresponding bumps of 
said plurality of semiconductor elements, thereby electri 
cally integrally assembling said plurality of semiconductor 
elements, wherein said bumps on at least two of the semi 
conductor elements, to which the respective lead is electri 
cally connected, are on respective faces of the at least two 
of the semiconductor elements, said respective faces each 
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facing in a same direction, whereby ?rst surfaces of the at 
least two of the semiconductor elements face in the same 
direction, and wherein said stack is mounted on said mount 
ing board via said leads. 

8. A high mounting density semiconductor device accord 
ing to claim 7, wherein said leads are of a I type. 

9. A high mounting density semiconductor device accord 
ing to claim 7, wherein said leads are of a gull wing type. 

10. A high mounting density semiconductor device 
according to claim 7, wherein said respective lead is elec 
trically connected to bumps on at least three of the semi 
conductor elements. 

11. A high mounting density semiconductor device 
according to claim 7, wherein the projections are integrally 
formed with the leads. 

12. A high mounting density semiconductor device com 
prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having many surface electrodes 
formed near marginal edges of a ?rst surface of each of the 
semiconductor elements and a plurality of bumps corre 
sponding to said surface electrodes respectively, and a 
plurality of leads disposed closely adjacent to said stack of 
a plurality of semiconductor elements and extending only in 
said ?rst direction alongside said stack, with projections 
extending from the leads for bonding to the bumps, a 
respective lead being electrically connected to bumps on at 
least two of the semiconductor elements, said leads being 
electrically and mechanically bonded to said bumps respec 
tively so that each of the leads is electrically bonded directly 
to corresponding bumps of said plurality of semiconductor 
elements, thereby integrally assembling said plurality of 
semiconductor elements, wherein said bumps on at least two 
of the semiconductor elements, to which the respective lead 
is electrically connected, are on respective faces of the at 
least two of the semiconductor elements, said respective 
faces each facing in a same direction, whereby ?rst surfaces 
of the at least two of the semiconductor elements face in the 
same direction, and wherein said stack is mounted on said 
mounting board via said leads. 

13. A high mounting density semiconductor device 
according to claim 12, wherein said leads are of a J type. 

14. A high mounting density semiconductor device 
according to claim 12, wherein said leads are of a gull wing 
type. 

15. A high mounting density semiconductor device 
according to claim 12, wherein said respective lead is 
electrically connected to bumps on at least three of the 
semiconductor elements. 

16. A high mounting density semiconductor device 
according to claim 12, wherein the projections are integrally 
formed with the leads. 

17. A high mounting density semiconductor device com 
prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having a plurality of electrodes 
formed near marginal edges of a ?rst surface of the plurality 
of semiconductor elements and a plurality of bumps elec 
trically connected to said surface electrodes respectively, a 
plurality of leads disposed closely adjacent to said stack of 
a plurality of semiconductor elements and extending only in 
said ?rst direction alongside said stack, with projections 
extending from the leads for bonding to the bumps, a 
respective lead being electrically connected to bumps on at 
least two of the semiconductor elements, said leads being 
bonded to said bumps respectively so that each of the leads 
is electrically bonded directly to corresponding bumps of 
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said plurality of semiconductor elements, thereby electri 
cally integrally assembling said plurality of semiconductor 
elements, so as to provide integrally assembled semicon 
ductor elements, and an encapsulant sealing to shield said 
integrally assembled semiconductor elements from the out 
side, wherein said bumps on at least two of the semicon 
ductor elements, to which the respective lead is electrically 
connected, are on respective faces of the at least two of the 
semiconductor elements, said respective faces each facing in 
a same direction, whereby ?rst surfaces of the at least two 
of the semiconductor elements face in the same direction, 
and wherein said stack is mounted on said mounting board 
via said leads. 

18. A high mounting density semiconductor device 
according to claim 17, wherein said leads are of a I type. 

19. A high mounting density semiconductor device 
according to claim 17, wherein said leads are of a gull wing 
type. 

20. A high mounting density semiconductor device 
according to claim 17, wherein said respective lead is 
electrically connected to bumps on at least three of the 
semiconductor elements. 

21. A high mounting density semiconductor device 
according to claim 17, wherein the projections are integrally 
formed with the leads. 

22. A high mounting density semiconductor device com 
prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having many surface electrodes 
formed near marginal edges of a ?rst surface of the plurality 
of semiconductor elements and a plurality of bumps corre 
sponding to said surface electrodes respectively, a plurality 
of leads disposed closely adjacent to said stack of a plurality 
of semiconductor elements and extending only in said ?rst 
direction alongside said stack, with projections extending 
from the leads for bonding to the bumps, a respective lead 
being electrically connected to bumps on at least two of the 
semiconductor elements, said leads being electrically and 
mechanically bonded to said bumps respectively so that each 
of the leads is electrically bonded directly to corresponding 
bumps of said plurality of semiconductor elements, thereby 
integrally assembling said plurality of semiconductor ele 
ments, so as to provide an integrally assembled group of said 
semiconductor elements, and an encapsulant molding said 
integrally assembled group of said semiconductor elements, 
wherein said bumps on at least two of the semiconductor 
elements, to which the respective lead is electrically con 
nected, are on respective faces of the at least two of the 
semiconductor elements, said respective faces each facing in 
a same direction, whereby ?rst surfaces of the at least two 
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of the semiconductor elements face in the same direction, 
and wherein said stack is mounted on said mounting board 
via said leads. 

23. A high mounting density semiconductor device 
according to claim 22, wherein said leads are of a I type. 

24. A high mounting density semiconductor device 
according to claim 22, wherein said leads are of a gull wing 
type. 

25. A high mounting density semiconductor device 
according to claim 22, wherein said respective lead is 
electrically connected to bumps on at least three of the 
semiconductor elements. 

26. A high mounting density semiconductor device 
according to claim 22, wherein the projections are integrally 
formed with the leads. 

27. A high mounting density semiconductor device com 
prising a stack of a plurality of semiconductor elements, 
stacked in a ?rst direction, mounted on a mounting board, 
each semiconductor element having bumps deposited on 
surface electrodes on a ?rst surface of each of the semicon 
ductor elements, and a plurality of leads disposed closely 
adjacent to said stack of a plurality of semiconductor ele 
ments and extending only in said ?rst direction alongside 
said stack, with projections extending from the leads for 
bonding to the bumps, a respective lead being electrically 
connected to bumps on at least two of the semiconductor 
elements, said leads being bonded to said bumps respec 
tively so that each of the leads is electrically bonded directly 
to corresponding bumps of said plurality of semiconductor 
elements, thereby integrally assembling said plurality of 
semiconductor elements, wherein said bumps on at least two 
of the semiconductor elements, to which the respective lead 
is electrically connected, are on respective faces of the at 
least two of the semiconductor elements, said respective 
faces each facing in a same direction, whereby ?rst surfaces 
of the at least two of the semiconductor elements face in the 
same direction, and wherein said stack is mounted on said 
mounting board via said leads. 

28. A high mounting density semiconductor device 
according to claim 27, wherein said leads are of a J type. 

29. A high mounting density semiconductor device 
according to claim 27, wherein said respective lead is 
electrically connected to bumps on at least three of the 
semiconductor elements. 

30. A high mounting density semiconductor device 
according to claim 27, wherein the projections are integrally 
formed with the leads. 


